established OPG as one of the seven diagnostic criteria defining the syndrome. 2 This clinically heterogeneous neurocutaneous syndrome is the most common autosomal dominant disorder involving the nervous system, affecting 1 in 3000 individuals. The NF1 gene belongs to chromosome 17q11.2 and encodes a 2818 amino acid neurofibromin protein of 220 to 250 kD molecular weight. 13, 65 Deactivating mutations, arising de novo in 30 to 50% of patients, are fully penetrant, leading to loss of function of the protein product. Neurofibromin normally serves as a negative growth regulator for astrocytes 4 by acting as a guanosine triphosphate GTPase-activating protein, 91 accelerating the conversion of intracellular active Ras-GTP to inactive Ras-GDP and hence attenuating downstream Rasmediated signaling. Indeed, Lau and coworkers 49 have reported the case of an NF1-associated pilocytic astrocytoma in which loss of neurofibromin expression correlated with high levels of Ras-GTP and its downstream mediators. Similar elevated levels were demonstrated by Sherman and coworkers 77 in an NF1-associated neurofibroma. Other ophthalmological manifestations of NF1 include Lisch nodules of the iris, neurofibromas of the eyelids and orbit, sphenoid dysplasia, retinal tumors, and multifocal choroidal nevi. 23, 40, 73 Table 1 provides a summary of the NIH diagnostic criteria for NF1.
Several challenges have occurred during the development of a preclinical animal model of optic pathway tumorigenesis. Mouse models of NF1 have been well reviewed. 35 Animals that are deficient in the neurofibromin protein (NF1-/-) experience embryonic lethality and hence cannot serve as experimental subjects. 11, 41 Whereas heterozygous animals (NF1+/-) are tumor prone, they are observed to demonstrate astrocyte hyperplasia 37 but have not been observed to develop gliomas. 41 A novel transgenic mouse model of NF1 that develops optic nerve and chiasmal gliomas has permitted Bajenaru and coworkers 5, 6 to examine the natural history of these lesions. These animals are heterozygous (NF1+/-) and have conditional knockout of NF1 expression in astrocytes. 92 Histological studies have demonstrated the onset of astrocyte hyperplasia, neovascularization, and microglial infiltration as early as 3 weeks, with overt neoplastic changes present at 2 months. Immunohistochemical testing shows high expression of proteins related to astroglial progenitors, including nestin and brain lipid binding protein. Diffusion tensor MR imaging at 2 months demonstrated development of gliomas in only NF1 heterozygous animals with astrocyte NF1 knockout but required nearly 3 hours of data acquisition. Manganeseenhanced MR imaging leads to tumor enhancement by axonal transport of the contrast agent and also abbreviates the time needed for reliable OPG detection to 10 to 15 minutes of imaging time. 8 The value of this animal model will be in the ongoing elucidation of molecular events involved in the development of this tumor among patients with NF1, as well as the preclinical sensitivity of these lesions to chemoand radiotherapy.
There are rare case reports coupling OPGs with other syndromal conditions. Sheta and coworkers 78 have described a 14-year-old girl with a history of colonic polyposis who went on to develop unilateral proptosis eventually attributed to a WHO Grade I pilocytic astrocytoma. Treatment involved lateral orbitotomy and excisional biopsy. The authors proposed the association of Turcot syndrome of familial intestinal polyposis and primary neuroepithelial tumors to be manifest in this case as an OPG and further advocated that both ophthalmologists and gastroenterologists consider this association once 1 of the criteria is met. Erbay and coworkers 27 have reported on a rapidly developing OPG in a patient with hybrid phacomatosis, combined disease of both NF1 and tuberous sclerosis. Coexistent phacomatoses that can have additive or synergistic genetic effect may explain the rapid evolution of an OPG, absent on MR imaging at 3 months, but present at age 8 months as clinical proptosis with MR imaging demonstration of an enlarged right optic nerve.
Clinical Features

Demographics and Presentation
It is commonly held that NF1-associated OPGs are characterized by a more indolent course, with patients less likely to experience neurological progression. This may result in part because of different status of syndromic and sporadic OPG patients at the time of medical evaluation. Most series in which authors have compared the natural history of these lesions acquire patients sporadically after the individuals present with visual symptoms, and NF1 patients present in an asymptomatic state after routine neuroophthalmological screening. 3, 15, 20, 33, 52, 61 Nevertheless, common demographic features in many of these studies include higher numbers of female than male OPG diagnoses and earlier age of presentation for NF1 patients. 3, 20, 44, 79 The incidence of specific presenting symptoms in symptomatic OPG patients is also consistently reported. The most common clinical feature is decreased visual acuity, 3, 15, 20, 33, 46, 55, 61 with greater incidence among patients with sporadic OPGs. 20, 33, 55 Abnormalities in the ophthalmological examination occur with variably reported incidence but most commonly manifest as optic disc atrophy with a similar frequency regardless of NF1 status. 55, 61 Observed exophthalmos is related to the retrobulbar location of the optic nerve glioma and has been reported to be more common in NF1 patients 22, 33, 61 although the opposite trend has also been reported. 20 Patients with sporadic lesions are more likely to present with features of raised intracranial pressure. 3, 20, 55 Listernick and coworkers 52 have studied the natural history of these lesions, specifically among NF1 patients, and have reported that only half of asymptomatic children will ever develop symptoms or signs related to the disease. Clinical progression in those who presented with symptoms was only observed in 33% of patients, nearly all of 44 evaluated patients with NF1 who were brought to OPG care and compared their symptomatic and asymptomatic patients. The mean age at presentation was 4.8 years and 5.4 years for the 51 symptomatic and the 39 asymptomatic patients, respectively. Common symptoms included proptosis (26%) and headache (8%); precocious puberty affected 20% of individuals; and in 54% of symptomatic patients ophthalmological examinations yielded abnormal results (most commonly decreased visual acuity). There were no significant differences between NF1 patients who presented with symptoms (51) or without symptoms (39) with regard to age at NF1 and OPG diagnoses, location of the OPG, or associated NF1 features. A similar comparison of 32 symptomatic and 22 asymptomatic NF1-associated OPG patients was reported by Thiagalingam and coworkers. 83 The mean ages of presentation of 4.8 and 5.8 years for the symptomatic and asymptomatic groups, respectively, were not significantly different. They also observed high rates of vision loss (23 of 32) and proptosis (10 of 32), with identifiable optic disc atrophy in 25 of their symptomatic patients. In both of the aforementioned studies, patients with NF1 who presented with symptoms were more likely to require initial treatment. 44, 83 A study comparing demographics, presentation, and outcomes of the symptomatic NF1 subgroup with a sporadic control cohort is needed.
Imaging and Lesion Location
Optic nerve gliomas usually appear as well-demarcated lesions on computed tomography scanning. Calcification is rare, and this can differentiate the intraaxial OPGs from optic nerve meningiomas that frequently calcify. The rare case of a calcified glioma is more likely to occur in the chiasm than the nerve. 70 Magnetic resonance imaging reveals lesions that are isointense or hypointense to cerebral white matter on T1-weighted sequences, with areas of necrosis or mucinous degeneration that are markedly hypointense. The T2-weighted sequences reveal hyperintense gliomas. Contrast enhancement with Gd can be homogeneous or heterogeneous. Contrast-enhanced T1-or T2-weighted images are best for visualizing posterior extension into the optic tracts. 70 Syndromic and sporadic OPGs have discrete anatomical patterns and lesion characteristics on MR imaging. Kornreich and coworkers 45 have used MR imaging to examine 91 patients with OPG with the goal of comparing imaging findings and determining prognostic features. It is important to note that all 44 patients with sporadic tumors were referred because of symptoms, whereas only 32% of the 47 NF1 patients were symptomatic and the rest were discovered during routine screening procedures. Lesions in patients with the sporadic form of the disorder predominantly had a chiasmatic location (92%) with optic nerve involvement in only 32%, cystic morphology in 66%, and deformed normal shape of the optic pathways in 73%. Conversely, the NF1 patients had lesions most commonly located at the optic nerve (66%) with 62% involving the chiasm, 9% rarely having cystic components, and 91% frequently having no effect on the shape of the optic pathway.
The cystic morphology may be clinically significant, accounting for more than 50% of the tumor size in patients with cystic OPGs. Patients with the sporadic form commonly harbored tumors that extended beyond the optic pathways (68%), and hydrocephalus was a common finding (47%). Only one NF1 patient (2%) had a tumor with extraoptic extension, and none of these patients had hydrocephalus. There were no identifiable imaging features of prognostic significance. Chateil and coworkers 15 similarly reviewed 27 patients with OPG, 14 with a diagnosis of NF1 and 13 with a diagnosis of sporadic lesions. Again, all patients with the sporadic form were symptomatic at presentation, whereas only 29% of patients with NF1 had complaints attributable to their tumor. All patients with sporadic lesions had tumors involving the chiasm, and 54% had a cystic component. These tumors were round, delineated masses that homogeneously enhanced after administration of contrast medium. Seventy-one percent of NF1 patients had tumors involving the optic nerve, and no cystic changes were observed. Tumor proliferation leads to nerve elongation enlarging diffusely into a tubular widening that eventually becomes tortuous. The larger tumor size in the sporadic group is probably the reason for the symptomatic status of these patients compared with the syndromic group. In both series, bilateral OPGs were observed with higher frequency among patients with NF1. 15, 45 It is interesting to note that Thiagalingam and coworkers 83 differentiated NF1 patients by their symptomatology at presentation and found that 75% of symptomatic patients had some chiasmal involvement, implicating this as an important site of symptom onset. Conversely, King and coworkers 44 reported no difference in OPG location between their symptomatic and asymptomatic patients with NF1.
Tumor location is strongly related to ophthalmological morbidity. 25 Although postchiasmatic lesions are rare, patients in this group suffer from the highest incidence (62%) of visual acuity loss. Isolated optic nerve and isolated chiasmal lesions exhibit only 25 and 33% prevalence of this deficit, respectively. 7 There is no consensus in the literature regarding the predictors of visual deficit progression after the initial diagnosis in NF1 patients. 7, 52 Treatment Options and Outcomes Surgical treatment of OPGs is generally reserved for cases in which the abnormal tissue generates symptoms attributable to its mass. Resection of the optic nerve or chiasmal tumors is associated with significant neuroophthalmological morbidity and therefore is undertaken only in cases in which the lesion size introduces its own morbidity. Surgical indications include onset of obstructive hydrocephalus, disfiguring proptosis and associated corneal exposure, and severe and irreversible vision loss in the rare tumor that exhibits aggressive behavior. 3, 56, 58 One of the largest surgical series of OPG patients was reported by Ahn and coworkers, 1 who described outcomes in 33 patients at a mean follow-up duration of 52 months. Most common complaints included visual disturbances (97%) and headache with vomiting (57%), and the goal of surgery was to debulk the tumor mass and to improve mass effect-related symptoms. Ipsilateral vision preservation was achieved in 25%, with no differences between patients who underwent radical or partial removal. Preoperative hydrocephalus in 20 patients was resolved in 70%, with six patients requiring a shunt placement. The authors proposed surgery as primary treatment in cases of optic nerve lesions in which the patient had poor vision or in cases of chiasmal lesions in which the patient had useless vision on the poor-vision side, 2 although this recommendation is not universal.
56 Table 2 provides a summary of the current evidencebased recommendations for the treatment of children with NF1 and OPG adapted from Listernick and coworkers. 56 Differences in the management of sporadic OPGs will be discussed when addressing each modality later. Given the propensity of these lesions to exhibit indolent behavior, the primary management of nonprogressive, nonsurgical lesions is close observation. Frequent ophthalmological follow-up of these pediatric patients should be performed at 3-month intervals for the 1st year after diagnosis followed by increasing intervals after that. 56 Magnetic resonance imaging follow-up is equally important, although guidelines about its frequency have not yet been established. Listernick and colleagues 57 have described 8 patients with NF1 who had either late-onset or late-progressive OPGs and articulated the need for continued monitoring of known OPGs into adulthood. Asymptomatic NF1 patients with OPG generally come to medical attention after routine neuroophthalmological screening, and in these patients low rates of disease progression are consistently found. Thiagalingam and coworkers 83 have reported on 2 of 22 asymptomatic patients with progression of signs at 2 and 6 years after diagnosis, whereas in 26 of 32 symptomatic patients disease progressed and specific treatment was required for 15. Similarly, King and coworkers 44 have described clinical progression requiring treatment in only 1 of 39 asymptomatic patients. Eighteen of 51 initially symptomatic patients required specific treatment that included surgery or chemotherapy. As a consequence of the heterogeneity of reporting centers and patient clinical status at presentation, the reported rates of disease progression have been quite variable. In a series of 106 patients, the age at initiation of specific treatment required for clinical or imaging progression was significantly lower in patients with sporadic lesions than in those with NF1. 33 The event triggering treatment was most commonly visual loss in both groups, but a greater number of sporadic cases required treatment for raised intracranial pressure. In patients who initially underwent conservatively follow-up for mild symptoms, 12 of 20 patients with NF1 and all of the 12 with sporadic tumors suffered disease progression at follow-up. Smaller studies support the surveillance strategy, with a significant fraction of both symptomatic and a majority of asymptomatic NF1 patients exhibiting stable disease over years of follow-up. 12, 20, 22, 52, 55, 83 In cases of tumor progression when surgery is not primarily indicated, the choice of therapy differs depending on if the case involves sporadic or syndromic OPGs. The therapeutic approaches differ because of the molecular aberrations associated with the NF1 comorbidity. Radiotherapy has historically been undertaken for control against tumor growth and has occasionally effected visual symptom resolution. In many series, radiotherapy has been used as primary or postsurgical adjuvant therapy for both syndromic and sporadic OPGs in patients older than 5 years, 3, [20] [21] [22] 33, 61, 67, 79, 83 with some authors advocating specific practice guidelines independent of NF1 status. 50 Indeed, the NF1 Optic Pathway Glioma Task Force paper published in 1997 also advocated the use of radiotherapy in patients with NF1-associated isolated progressive intraorbital OPGs when residual useful vision was present. 58 Long-term follow-up data provided by Cappelli and coworkers 12 of 69 patients treated exclusively with surgery and/or radiotherapy revealed a 10-year overall survival rate in 83%, with no differences between syndromic and sporadic lesion if the start date was taken as the time of radiotherapy. However, complications were more prevalent in patients with NF1 and included cerebrovascular occlusion and poorer intellectual function. Other authors have reported high relative risk of second primary brain tumors (relative risk = 3.04) 76 and the occurrence of cerebral occlusive vasculopathy 32,85 among NF1 patients in whom OPGs were treated with radiotherapy. Radiotherapy is no longer recommended for the treatment of these lesions in patients with NF1. 56 Recent investigation into stereotactic radiosurgery (52.2-Gy dose) involving a 97-month follow-up revealed a 90% 5-year survival rate with no endocrine abnormalities and no second primary brain tumors. 18 This series of 15 patients includes only 3 NF1-associated lesions, suggesting that further investigation into this treatment modality is required.
Chemotherapy has typically been reserved for children Ͻ age 5 years requiring treatment. This is because young patients are at high risk of cognitive, endocrine, and developmental defects after radiation is delivered to large volumes of the brain. 50 The most common regimen is carboplatin/ vincristine combination therapy, which has been shown to be effective in controlling disease progression. Packer and coworkers 66 reported that 56% of their 31 patients responded to treatment, with no significant difference in 2-year progression-free survival between NF1-associated (79%) and sporadic (75%) nonresectable gliomas. More recently, Gnekow and coworkers 30 evaluated this regimen to delay the need for radiotherapy in 123 patients with chiasmatic and/or hypothalamic gliomas and a median age of 3.6 years. They also observed high rates of remission and disease stability, with only 44 patients having progressive tumors after a median of 22.5 months. Sixteen of these patients subsequently underwent radiotherapy, but the initial chemotherapy achieved the objective of delaying the need for more toxic radiotherapy in these very young pa- tients. Carboplatin monotherapy has had limited success, with Mahoney and coworkers 63 reporting no more than 30% response in 51 children age 5 years or younger. They observed no differences between patients with NF1 and sporadic lesions. Listernick and coworkers 54 also described 9 patients with NF1 who underwent carboplatin monotherapy, among whom 2 experienced improved vision and 4 exhibited imaging-documented improvement. Other antineoplastic drugs such as temozolomide alone 34, 47 or lomustine 42 are active against these tumors, but such alkylating agents have induced secondary malignancy in the NF1 mouse model and thus have contraindications. 62 The use of these agents in patients with sporadic OPGs may be an effective alternative in individuals who cannot tolerate carboplatin and vincristine or whose tumors are resistant to them. Given the new data surrounding the unacceptable risks of radiotherapy in patients with NF1, chemotherapy is now regarded as the primary treatment modality in those with progressive, nonsurgical NF1-associated OPGs. 56 Nevertheless, such treatment carries its own risk of neuropsychological complications. Lacaze and coworkers 48 have described maintenance of intellect in patients with sporadic OPGs treated with chemotherapy, but they observed decreased intelligence quotient scores and greater memory-related deficits among patients with sporadic lesions treated with radiotherapy, as well as in NF1 patients treated with chemotherapy.
Relapse-free and overall survival rates among patients with OPGs are variably reported in small case series. The authors of studies comparing sporadic and syndromic OPGs have reported similar and favorable 5-and 10-year survival, 22 ,79 although specific rates are variable and based on the treatment center and management algorithms. Tow and coworkers 84 have reported results after a minimum of a 10-year follow-up period (mean 14.9 years), and they observed 100% survival among 16 patients with isolated optic nerve lesions (50% NF1), 94% survival among 16 with chiasmal lesions (63% NF1), and 93% survival among 15 with chiasmal lesions with hypothalamic involvement (27% NF1), but they did not differentiate between NF1 and sporadic lesions. Prior to the widespread availability of chemotherapy, Cappelli et al. 12 reported that the 10-year survival in 69 patients (1980-1992) treated with radiotherapy and surgery, when indicated, was only slightly lower at 83% overall and that 65% were disease free. Although the authors concluded that radiotherapy provides therapeutic value in imaging treatment response and stabilization of visual symptoms, the development of chemotherapy and the known complications of brain irradiation early in life lead them not to recommend its use early in contemporary treatment algorithms. Chan and coworkers 14 developed a multivariate model to evaluate specific prognostic factors in 69 children with OPGs. They concluded that both increasing age at presentation and NF1-positive status (present in 26 patients) were associated with lower likelihood of disease relapse. Radiotherapy or chemotherapy was also associated with such protection, even compared with the results in patients in whom primary treatment at diagnosis was not indicated. Sex and tumor location did not alter disease-free survival, nor did surgical intervention performed as first-line treatment in 13 patients.
Central precocious puberty is the most common endocrinopathy associated with NF1, with a reported prevalence of 3% compared with 0.06% in the general pediatric population. 38 Similarly, growth hormone deficiency is reported to occur in 2.5% of NF1 patients, compared with 0.03% of the general pediatric population. These findings were initially attributed to local tumor mass effect compromising hypothalamic and pituitary function, as Habiby and coworkers 38 described in 7 of 18 patients with chiasmal glioma who developed central precocious puberty. Furthermore, they observed no cases of central precocious puberty in the absence of such a lesion. More recently, Cnossen and coworkers 17 described such disturbances occurring in association with 2 of 9 chiasmal gliomas, but in only 1 of 3 patients with central precocious puberty and 1 of 3 with growth hormone deficiency. Causal mechanisms are unclear but may involve slow-growing lesions undetectable on neuroimaging or alternate manifestations of the NF1 molecular abnormalities leading to transcriptional dysregulation.
Histopathology and Genetic Differences
The WHO classifies OPGs as Grade I astrocytic neoplasms. These lesions demonstrate glial fibrillary acidic protein immunopositivity and are typically hypocellular, have rare mitoses, and have mildly hyperchromatic nuclei. Eosinophilic Rosenthal fibers may also be present. Nevertheless, the histological nature of OPGs is heterogeneous both between and within tumors, and Verhoeff 87 was the first to classify 3 distinct glioma patterns. The coarsely reticulated, finely reticulated, and coarsely fibrillated subtypes are now recognized to be variants of PAs. 19, 25 The typical histological pattern is coarsely reticulated with biphasic morphology of bipolar astrocytes that are either tightly compacted around blood vessels or loosely organized around microcystic regions. There may be associated proteinaceous droplets, Rosenthal fibers, and eosinophilic granular bodies. Less common is the finely reticulated pattern characterized by small ovoid nuclei within a delicate syncytium of fibrils. This can be confused with a more aggressive WHO Grade II diffuse astrocytoma, and typical differentiation based on MR imaging is often difficult for lesions in this location. The coarsely fibrillar type is characterized by coarse neuroglial fibrils and spindle neuroglia arranged in definite bundles and is more typical of the adult variant of PAs. 74 To address the issue of differentiating more indolent PAs from the more aggressive diffuse astrocytomas, Cummings and coworkers 19 sought to identify biomarkers suggestive of an aggressive OPG phenotype in 22 patients in 5 of whom comorbid NF1 was present. They identify characteristics of hypothalamic or chiasmal location, Ki67 labeling intensity of 2-3%, and p53 labeling intensity of less than 1% as positive prognostic indicators of disease progression. They observed that NF1 positivity did not manifest as protective, although the number of patients in this series was small. Furthermore, it was not made clear as to how these features should influence patient management beyond implying the need for more rigorous follow-up.
The natural history of OPG is reported consistently in the literature as having a favorable outcome in patients with NF1. However, many studies suffer from the complicating feature that patients with sporadic OPGs commonly seek medical attention because of ophthalmological symptoms,
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Syndromic and sporadic pediatric optic pathway gliomas whereas those the NF1 more commonly present asymptomatically after routine neuroophthalmological screening and appropriate neuroimaging. A desirable statistical comparison, hitherto unreported in the literature, is to consider all OPG patients who are symptomatic with ophthalmological complaints. Indeed, King and coworkers 44 have reported that patients with NF1-associated OPGs who are symptomatic at presentation are significantly more likely, with an odds ratio of 14.8, to require intervention. Even this type of study may suffer from the bias that physicians following NF1 patients may be more sensitive to the importance of quickly following up complaints of headache or visual disturbance because of common associations with OPGs and other astroglial tumors.
The histogenesis of PAs remains uncertain, although evidence suggests that they may arise from a different progenitor cell than diffuse astrocytomas. Pilocytic astrocytomas have been reported to express molecular markers typical of oligodendrocytes or multipotent O2A precursors that can then differentiate into astrocytes or oligodendrocytes. Of particular note is the expressed PEN5 epitope 28 that is not expressed in high-grade astrocytomas. Conversely, Gutmann and coworkers 36 used oligonucleotide array analysis to demonstrate that genes typically altered in fibrillary astrocytomas, such as p53, retinoblastoma, PTEN, p19, p16, dmd2, and cyclin-dependent kinase 4, were not affected in either sporadic or NF1 PAs. An intriguing result from their study was the identification of the EF-1␣2 gene that was increased in all sporadic PAs compared with the NF1-associated lesions. The EF1␣ protein has been implicated in oncogenesis of rat mammary adenocarcinoma, 26, 71 although its significance for intrinsic central nervous system tumors remains uncertain. Mutation of the tumor-suppressing PTEN gene on chromosome 10 is rare among PAs, with only 1 case of 30 found having been found to be positive for such change. 24 Tada and coworkers 81 evaluated chromosomal changes in 12 PAs and demonstrated loss of heterozygosity of 17q in 1 of 9 sporadic PAs and 3 of 3 NF1-associated PAs. Furthermore, loss of heterozygosity of chromosome 10 occurred in none of sporadic cases but in 2 of 3 NF1-associated lesions. These data support the claim that there are molecular differences in tumor oncogenesis for lesions in patients with NF1.
Spontaneous Regression
Spontaneous regression of OPGs has been anecdotally reported in the literature, although the incidence and clinical impact of such an event remain uncertain. Postoperative regression of residual lesions has been documented on computed tomography scanning, 39, 82, 86 and MR imaging has demonstrated similar involution in both asymptomatic 31, 68 and symptomatic 75 lesions. Histological evidence of such regression in biopsy-proven glioma as well as incompletely resected gliomas has been reported by Borit and Richardson. 10 More recently, Parsa and coworkers 69 reported a series of 13 patients acquired by surveys at the North American Neuro-Ophthalmology Society and requests at the NANOSNET listserv, all of whom exhibited imaging evidence of tumor shrinkage. Nine of these patients had sporadic lesions and three of these had a history of specific treatment including 1 who underwent radiotherapy 19 years previously, 1 who underwent chemotherapy 5 years previously, and 1 who underwent subtotal tumor resection 1 year previously. Visual field perception was reported to worsen in 2 of these patients, and tested acuity worsened in 1. Piccirilli and coworkers 72 summarized the data culled from 16 cases from the English-language literature and obtained in 3 of their own patients, but the true incidence of this event is uncertain. The molecular mechanisms of this regression remains unknown and have been proposed to include endocrine-associated decreases in vascular tumor engorgement, immunogenically mediated tumor necrosis 43 and imbalance between pro-apoptotic signals and lowgrade proliferative behavior. 69 Surgery, including needle biopsy or partial resection, may unmask a previously immune-protected antigen, allowing the host's immune system to mount a cytotoxic reaction-and the aging process itself is associated with increasing immunocompetence in the child. 43 Other authors believe that tumor proliferation may be outpaced by terminal differentiation and apoptosis and that surgical debulking in subtotal resection creates sufficient space to permit the regression process to occur. 43, 69, 82 Although these case reports are rare, the low incidence of progression to symptomatic disease after childhood suggests the role of evolving immunocompetence in disease stabilization and underscores the need for close clinical and imaging observation in the management of asymptomatic lesions.
Screening Strategies
Screening of asymptomatic children known to have the NF1 phenotype for OPGs has been the subject of investigation. In the NF1 Optic Pathway Glioma Task Force study published in 1997, investigators have recommended annual ophthalmic examinations by a pediatric ophthalmologist or a neuroophthalmologist for all asymptomatic patients Ͻ 6 years of age. 58 The appropriate parameters of such examination has not been defined, but various methods used in clinical series include visual acuity, visual fields, and VEPs. 56 Visual acuity testing has high test-retest reliability, even in young children. 16, 29 It is the most reliable and clinically relevant measure of compromised visual function in OPGs. Infant testing involves preferential looking tests; preliterate children can be evaluated by figure or opotype ("HOTV") matching and older children by Snellen charts. Visual field abnormalities in children with OPGs are rarely seen without concomitant loss of acuity. 53 The duration of these studies, and the attendant monotony, have been reported to lead to high numbers of false-positive and falsenegative results in young children. 80 These tests also have high test-retest variability, and consequently the clinical value of changes during serial testing remains questionable. Visual evoked potentials are a sensitive method of measuring the electrophysiological integrity of the optic pathway. The VEPs were found to be 86% sensitive-they increased to 93% when serial testing applied-for the detection of OPGs in 297 patients with NF1. 89 The sensitivity of the testing, and the specificity of 75%, leads to identification of abnormalities in many asymptomatic patients, as well as many false-positive OPG diagnoses. The evidence for VEPs as a screening tool is equivocal, but VEP monitoring may be of value when ophthalmic examinations are difficult. Current recommendations suggest that all patients with unexplained abnormal findings during ophthalmic screening undergo contrast-enhanced MR imaging of the head and orbits.
Blazo and coworkers 9 have prospectively compared the impact of screening neuroimaging with screening by ophthalmic examination alone on visual outcomes. A previously unknown OPG was identified in 20% of 54 children who underwent imaging at a mean age of 2.8 years; and only 2 of the patients presented with visual abnormalities, 1 with strabismus and 1 with optic nerve atrophy. The mean age of patients was 3.6 years in a historical cohort of 13 children at Blazo and coworkers' center diagnosed with OPG outside of the neuroimaging screening study; 6 of them presented with abnormal ophthalmic examination results, including 4 patients with proptosis and visual impairment in the affected eye. To establish evidence-based guidelines for detecting OPGs in children with NF1, we need a specific prospective comparison of a neuroimaging screening protocol and the guidelines of the NF1 Task Force.
Management of NF1-Associated OPGs
Screening of NF1 patients Ͻ 6 years of age by annual ophthalmic examinations should include visual acuity testing, 56, 58 although the evidence for including visual fields and VEPs remains uncertain. Neuroimaging screening may be more sensitive to detect the presence of OPG lesions, 9 but there is no prospective evidence that this earlier detection affects neuroophthalmological or survival outcomes. Children who have abnormal ophthalmic examinations should undergo contrast-enhanced MR imaging to evaluate any intracranial lesions.
Treatment strategies for NF1-positive children with identified OPGs are summarized in Table 2 . Briefly, patients with static disease should be followed up into adulthood, undergoing sequential ophthalmological examinations to detect worsening visual symptoms and signs, as well as periodic MR imaging to detect lesion growth. [56] [57] [58] Although radiotherapy has been reported to improve visual function, 12 the associations with impaired intellectual and physical development, endocrine dysfunction, and the risks of secondary malignancy and cerebral occlusive vasculopathy have led to its removal from the treatment algorithm for NF1-associated OPGs. An initial regimen of carboplatin and vincristine chemotherapy can be used as first-line treatment in cases of nonsurgical NF1-associated OPGs 66 with the primarily goal of controlling disease and the secondary goal of delaying the need for radiotherapy. Other regimens continue to be investigated, but choices of chemotherapeutic agents are limited by the molecular abnormalities of NF1. Surgery should be offered to patients who have developed tumor mass effects such as obstructive hydrocephalus, for aggressively growing tumors in patients with severe vision loss, and for disfiguring proptosis with corneal exposure. 56, 58 The provision of surgery for histological analysis is seldom necessary, and surgical debulking rarely restores vision.
Conclusions
Optic pathway gliomas represent a clinically heterogeneous group of lesions that are most prevalent in the pediatric population. This tumor is one diagnostic criterion for NF1, and a significant number of patients with molecular abnormalities of neurofibromin signaling develop OPGs as well as other intracranial gliomas. The location of tumors, along the optic pathway, varies significantly between sporadic and syndromal OPG groups, and most studies have shown that the NF1 diagnosis is associated with differences in tumor location, manifesting more indolent behavior and lower likelihood of visual symptoms and clinical progression. In most of these studies the authors have compared symptomatic sporadic OPGs with both symptomatic and asymptomatic NF1-associated OPGs detected by neuroophthalmological screening. This prevents a rigorous comparison between the two groups, especially in the context of management strategies that continue to evolve divergently for the treatment of sporadic and syndromic lesions. Recent advances in a preclinical mouse model of NF1-associated OPG will permit investigation into improved detection strategies and chemo-and radiotherapy protocols.
